(A) to (E) in Fig.1(c) , are shown. Figures 2(A) and (C) clearly show the bulk-like LDOS of Si and HfO 2 , respectively. There is no extra gap state for the regions from A to C in Fig.1(c) . In the region (E), the LDOS shows a metallic character as PtSi is metallic. At the top of the HfO 2 (D) the LDOS shows the metallic character due to the invasion of the metallic wavefunction into the insulator region. This character is a result of the so called metal-induced gap states (MIGS) proposed by Heine [9] . It should be noted that the Fermi energy of the PtSi layer is located at the top of the valence band of the Si substrate. In this ideal interface, the FLP does not exist contrary to the prediction based on a jellium model [10] .
According to our proposed concept of missing oxygen at the interface [3] , we relaxed the whole Si/HfO 2 /PtSi system after removing oxygen atoms at the HfO 2 /PtSi interface by 50% and 100%, and calculated the LDOS of Si layer at A in Fig.1(c) . In Figs. 3(a), (b) and (c), we show the relaxed structures near the upper interface with 0%, 50% and 100% oxygen missing, and the corresponding LDOS of Si layer in Figs.3(d) , (e) and (f). The origin of the energy axis is chosen as the Fermi energy of the PtSi layer. These figures show that the top of Si valence bands moves downward as the oxygen density at the HfO 2 /PtSi interface decreases. The Fermi energy shift is estimated to be 0.0, 0.20 and 0.34 eV for 0%, 50% and 100% missing of oxygen at the upper interface. The origin of the FLP is attributed to the appearance of the dipole moment at the interfaces of HfO 2 /PtSi As shown in Fig.3 , the oxygen removal leads to the bond formation between the metal layer and the Hf atoms. Nabatame et al. [4] pointed out that the presence of Si-Hf bonding is essential for the FLP. In order to check this view we calculate the same system by changing the Si concentration at the PtSi interface with 100% oxygen missing. Correspondingly, we changed the Pt concentrations from 75% to 100 % at the interface, where 100% Pt means Pt sheet layer at the HfO 2 /PtSi interface and we denote such layer as Pt/PtSi. In Fig. 4(a) , WF of the PtSi at the top or the bottom layer is plotted as functions of the Pt concentration at the interface. The bulk WF of the PtSi at the top layer does not change at all, whereas the WF at the bottom layer increases as the Pt concentration at the interface increases. The FLP shift ΔWF (=WF top -WF bottom ) tends to To analyze the origin of the FLP, we decomposed the Si/HfO 2 /PtSi into two components of HfO 2 /PtSi and PtSi, and calculated each WF, separately and finally obtained ΔWF contribution due to the charge flow between them for ideal case as schematically shown in Fig.5(a) . In Fig. 5(b) , the contribution of films and the charge transfer are shown for the ideal, 100% oxygen missing, and Pt/PtSi structure. The electric charge always flows from the HfO 2 layer into the PtSi layer. In the ideal interface case, the charge flows are the largest among the three cases. The ΔWF becomes largest for 100% oxygen missing case; in which the main contribution to the FLP is not the charge flow but the Si/HfO 2 film dipole itself. This means that the presence of Si-Hf bonding changes the local structure of HfO 2 near the interface as shown in Fig.5 (c) and (d) and induces a dipole moment into HfO 2 film and causes the FLP. In the case of Pt/PtSi, the Pt-Hf bonding also creates the 4-fold-site oxygen near the interface and changes the dipole of the HfO 2 .
Conclusion
Using first principles calculations, we attributed the FLP at the HfO 2 /PtSi interface to the missing of oxygen at the interface. The missing of oxygen creates Si-Hf bonding and changes the local structure of HfO 2 film near interface. This local distortion of HfO 2 contributes mainly to the FLP of PtSi/HfO 2 . Fig.1(c) . The origin is chosen as the Fermi energy of PtSi. 
